A lcoholism and alcohol withdrawal syndromes (AWS) still represent a major problem both in the inpatient and outpatient settings. Approximately 3% of the general population in the United States selfdescribe symptoms of alcohol withdrawal (1). In one study, 8% of all general hospital admissions, 16% of all postsurgical patients, and 31% of all trauma patients de-veloped AWS (2). The higher incidence in trauma patients has been confirmed in other studies (3) and probably reflects the high association of alcohol use with numerous types of dangerous behaviors.
Benzodiazepines are currently the mainstay of therapy for all of the alcohol withdrawal syndromes including delirium tremens, the most severe form of alcohol withdrawal. Multiple studies suggest that administration of benzodiazepines in a symptom-triggered fashion both reduces the total amount of benzodiazepine administered and shortens the duration of therapy (4, 5) . In these studies, benzodiazepines are administered in repeated boluses (both intravenous and oral) of 10 -20 mg of diazepam (or benzodiazepine equivalent) with current recommendations suggesting a maximal individual bolus of 20 -30 mg of diazepam or benzodiazepine equivalent to be given until adequate sedation is achieved (4, 6, 7) . Although widely accepted, these studies focus primarily on patients admitted to detoxification centers or the general hospital wards and exclude subjects admitted to the intensive care unit (ICU) (4, 5) .
Alcoholism accounted for 21% of all admissions to a medical ICU in one study, with AWS being the most common alcoholism-related diagnosis (8) . These patients are typically more difficult to manage than those in detoxification units or wards as they require massive doses of benzodiazepines or other drugs for treatment of alcohol withdrawal. This may relate to the presence of severe underlying illness in this population before their development of alcohol withdrawal and/or the overrepresentation in the ICU of patients with benzodiazepine-resistant AWS. Benzodiazepine-resistant AWS, defined as the need for Ͼ40 mg of diazepam in 1 hr in one study, is associated with the need for endotracheal intubation and mechanical ventilation for administration of continuous infusion of alternative sedative hypnotics such as barbiturates or propofol, alone or in combination (9 -12) . In one study, five of six subjects with benzodiazepine resistance, as defined previously, required intubation (9) . Once patients are admitted to the ICU, numerous studies document the course and treatment of surgical patients who develop AWS postoperatively and/or posttrauma (3, 13, 14) . In these subjects, symptom-triggered therapy results in lower rates of complications and improved outcomes, although nearly 65% required reinstitution of mechanical ventilation (14) . However, the preexisting surgical diagnosis makes it difficult to generalize these results to medical patients admitted to the ICU solely for treatment of AWS. Therefore, the goal of this study was two-fold: first, to detail the clinical characteristics and outcomes of a large cohort of subjects admitted to a medical ICU solely for the treatment of AWS, and second, to ascertain whether treatment guidelines directed at more aggressive and combination symptom-triggered therapy of resistant AWS would alter outcome in these subjects.
METHODS
This was a retrospective cohort study of all subjects admitted to the Bellevue Hospital medical ICU from July 2000 to June 2002 (preguideline) and July 2003 to May 2005 (postguideline) with an admission diagnosis of AWS as identified by medical ICU admission logs. The definition of AWS was made according to Diagnostic and Statistical Manual of Mental Disorders classifications for alcohol withdrawal, delirium tremens, and alcoholic hallucinosis (15) . Patients were included in the analysis if they were admitted to the ICU solely for the treatment of AWS and a complete medical record was available for review. Patients were excluded from the analysis if any of the following criteria were met: a) presence of a serious medical or surgical diagnosis that would have otherwise dictated admission to the ICU; b) evidence of use of other illicit substances as determined by urine toxicology screen. Subjects were not excluded for a positive urine toxicology screen for benzodiazepines if the urine was obtained after therapeutic administration of benzodiazepines for AWS. Collection of data was approved by the NYU Internal Review Board.
Once subjects were eligible for inclusion, all demographic and clinical data were recorded including Acute Physiology and Chronic Health Evaluation II score. This included presence or absence of withdrawal seizures on that admission, pharmacologic therapy, indication for intubation and mechanical ventilation if performed, ICU length of stay, admission liver function tests, chemistries, ethanol level, and hematologic variables. The criteria for admission to the ICU, which remained constant throughout the study, were the requirement for either 200 mg of diazepam in 4 hrs or an individual dose of Ͼ40 mg of intravenous diazepam for control of agitation. The decision to intubate subjects was left to the individual practitioner. Diazepam is the benzodiazepine of initial choice at our institution, and, for consistency, all benzodiazepine dosages are reported in diazepam equivalents (16) . All subjects were treated in a symptom-triggered fashion although there were no established guidelines for dose escalation. The decision to administer benzodiazepines, and thus the definition of severe agi-tation, was the presence of a Riker Sedation Analgesia Scale of Ն5, with a goal of achieving a Sedation Analgesia Scale score of 3-4 (17) . Maximum individual dose of diazepam is defined as the highest individual bolus received by a subject during treatment. Development of nosocomial pneumonia was defined as the development of a new infiltrate plus two of either leukocytosis (white blood cell count Ͼ10,000 cells/mm 3 ), purulent secretions, or fever (Ն38°C) (18) .
After initial analysis, data suggested that patients may be significantly undertreated and require more aggressive administration of sedative hypnotics. To achieve this, new guidelines were developed for the treatment of AWS and were fully implemented in July 2003. The basis of the guidelines was that for subjects for whom a given dose of benzodiazepine failed to control agitation for Ն1 hr, the dose of diazepam would be escalated until the patient remained calm for Ն1 hr. In cases where doses of Ͼ100 -200 mg of diazepam were required, phenobarbital was added in similar fashion. These guidelines are summarized in Figure 1 . The guidelines were posted on the hospital's intranet and house staff intranet and were presented in educational lecture series to internal medicine and emergency medicine house staff. Postguideline, similar data collection was used from July 2003 to May 2005.
Statistics. Unless otherwise stated, a Mann-Whitney test was used to determine differences between groups for absolute variables. Chi-square test was used to determine differences in proportions between groups. Spearman's test was used for univariate correlations. For all tests, p ϭ .05 was considered significant. All analyses were performed with GraphPad Prism statistical software.
RESULTS
From July 2000 to June 2002 (preguideline), 54 subjects were admitted to the medical ICU with a primary diagnosis of AWS. Demographics can be found in Table 1 . Of note, all patients were men, 98% met Diagnostic and Statistical Manual of Mental Disorders criteria for delirium tremens, and 27% had alcohol withdrawal seizures, all of which occurred before ICU admission. As a whole, the cohort had a median ICU length of stay (LOS) of 3.21 days (range 0.7-17.1). Forty-seven percent of subjects required mechanical ventilation, with the primary indication for intubation being inability to achieve adequate sedation with standard doses of diazepam and the subsequent "need" for constant infusion of benzodiazepines or propofol. Patients requiring mechanical ventilation had a trend toward a higher ICU LOS ( Fig. 2A) and an increased incidence of nosocomial pneumonia (Fig. 2B ). All subjects survived until hospital discharge. There was no difference in age, presence of withdrawal seizures, admission alcohol levels, or hematologic or biochemical variables between those requiring intubation and those not (data not shown).
All subjects received diazepam, and 52 (96%) subjects were treated with intravenous diazepam as the primary pharmacologic agent. Overall, diazepam accounted for 79% of all benzodiazepine doses in the first 24 hrs with the remaining doses given as either lorazepam or chlordiazepoxide. The mean amount of diazepam administered in the first 24 hrs was 248 mg. Consistent with previous reports (4, 6, 7), most subjects received diazepam in boluses between 10 and 40 mg with a mean maximum individual dose of 32.2 Ϯ 3.6 mg and a median of 30 mg. Seventeen percent of subjects received phenobarbital, half of whom required mechanical ventilation, and 23% received propofol, all of whom were already receiving mechanical ventilation. Interestingly, patients who required mechanical ventilation received less diazepam in the first 24 hrs compared with those who did not (120 mg [25-75% quartile 50 -310 mg] vs. 280 mg [125-365 mg]; p ϭ .01). In addition, intubated subjects had a slightly lower maximal single dose of diazepam received before intubation compared with nonintubated subjects (29.7 Ϯ 5.3 vs. 34 Ϯ 4.9; p ϭ .18). There was no correlation between total diazepam administered and ICU LOS. Finally, two subjects (4%) received at least one dose of haloperidol and Guidelines were posted on the hospital intranet site and incorporated into regular lecture series for house staff. These were to be applied to subjects admitted to the medical ICU with a diagnosis of alcohol withdrawal and/or delirium tremens.
Figure 2.
Subjects requiring mechanical ventilation have higher intensive care unit (ICU) length of stay (LOS) and incidence of nosocomial pneumonia. A, preguideline (n ϭ 54), ICU LOS was compared between those requiring intubation (n ϭ 26) and those not (n ϭ 28). B, incidence of nosocomial pneumonia was compared between intubated and nonintubated subjects. no subject received ␤-adrenergic antagonists or clonidine.
Following institution of the guidelines (postguideline) emphasizing escalation of the maximal individual dose of diazepam and use of barbiturates, there were significant changes in both the dose and type of pharmacologic therapy administered. Postguideline, 90% of all benzodiazepine doses were given as diazepam and the average dose of diazepam administered in the first 24 hrs increased twofold (Fig. 3A ). This was associated with a significant three-fold increase in the mean maximal individual dose of diazepam used in symptom-triggered therapy (Fig. 3B ). In addition, there was significantly greater use of phenobarbital postguideline (58% vs. 17%; p Ͻ .001) with a trend toward an increase in the median amount administered in the first 24 hrs (260 mg [25-75% quartile 87.5-650 mg] vs. 390 [130 -1430 mg]; p ϭ .1). Propofol remained the primary means of sedation in intubated subjects; however, postguideline, two subjects successfully re-ceived intermittent propofol dosing as a means of sedation without intubation. Consequently, there was only a nonsignificant trend toward less propofol use postguideline (17.8% vs. 23.1%; p not significant).
There was a significant reduction in the use of mechanical ventilation postguideline (21.9% vs. 47.3%; p ϭ .008) ( Fig. 4 ). Similar to preguideline, the primary indication for intubation was inability to control severe agitation with only one subject requiring intubation due to oversedation. Of note, two of nine subjects requiring intubation were not managed according to the guidelines. In one subject, the decision to intubate was made after only a 50-mg bolus of diazepam had proven ineffective. In the other, phenobarbital was not used when maximal doses of diazepam failed to control agitation. Similar to what was observed preguideline, those requiring mechanical ventilation postguideline had a higher ICU LOS (6.4 Ϯ 1.6 vs. 3.1 Ϯ 1.3 days; p ϭ .001) and incidence of nosocomial pneumonia (55.5% vs. 12.5%; p ϭ .02). Overall, there were nonsignificant reductions in total ICU LOS (3.8 Ϯ 5.4 vs. 4.5 Ϯ 4.7; p not significant) and the overall incidence of nosocomial complications (19.5% vs. 30.9%; p ϭ .1) compared with patients admitted preguideline. Of note, postguideline there were no significant differences in demographics or biochemical characteristics of the patients compared with the initial survey (Table 1) , and similar to the patients preguideline, there was no difference in demographics, Acute Physiology and Chronic Health Evaluation II score, presence of withdrawal seizures, or clinical biochemical characteristics in those requiring intubation and those not. However, there was now a correlation between ICU LOS and total amount of benzodiazepine administered postguideline (r ϭ .48; p ϭ .008).
DISCUSSION
Benzodiazepines have been the mainstay for the treatment of severe AWS since initially described by Kaim et al. (19) . Subsequent to that report, numerous studies have investigated route, dose, and method of administration. Specifically, administration of benzodiazepines in a symptom-triggered fashion results in less benzodiazepine utilization and shorter duration of therapy (4, 5) . However, these trials focused on subjects with relatively mild to moderate withdrawal who were stable enough to be treated in detoxification facilities or on the general medical ward. Based on the results of these trials, current recommendations are for administration of 10 -30 mg of diazepam (or benzodiazepine equivalent) in repeated doses until adequate sedation (6) .
Little is known about whether this method of therapy is adequate for the treatment of resistant AWS in the ICU. Spies et al. (14) demonstrated that in surgical/trauma patients who developed AWS in the ICU, symptom-triggered therapy with boluses of benzodiazepines was associated with less need for mechanical ventilation and a reduction in nosocomial infections. However, the main indication for ICU admission in those studies was their underlying surgical diagnosis, making it difficult to extrapolate these data to medical patients whose sole reason for ICU admission is severe AWS. In addition, the need for pain control, and thus opioid utilization, provides a significant confounder for treatment of these subjects when compared with those with isolated, severe AWS. In contrast to these studies, our cohort represents a population whose only indication for admission to the ICU was the inability to control severe psychomotor agitation due to AWS with standard doses of diazepam. In addition, the total size of our cohort (95 patients) is also one of the largest descriptors of AWS in the ICU to be reported, improving the generalizability of our results.
The most striking observation preguideline was the high use of mechanical ventilation in our patients. Although the incidence of mechanical ventilation was high (47%), it is in agreement with small case series of subjects with benzodiazepine-resistant AWS and in postoperative surgical patients treated with bolusdose therapy of benzodiazepines (9, 14) . In concert with these studies, the use of mechanical ventilation was associated with a higher ICU LOS and development of nosocomial infections, suggesting that a strategy aimed at reducing the need for mechanical ventilation may improve overall clinical outcomes (14) . The primary indication for mechanical ventilation was the failure of traditional bolus dosing of diazepam to control severe psychomotor agitation and the resultant need for continuous infusions of sedative hypnotics and subsequent intubation for airway protection. Although the total amount of diazepam administered was quite high, the maximal individual bolus was still only 30 mg, in accordance with most studies and recommendations (4, 6, 7) . The lack of correlation between the total amount of diazepam administered and need for intubation or ICU LOS suggested that the method of sedative hyp-notic administration may have an important role in achieving adequate mental status control in this population. Consequently, we instituted new treatment guidelines to incorporate escalating individual bolus doses of diazepam with the addition of barbiturates if necessary. Although these were only guidelines, the nearly three-fold increase in both the maximal bolus doses of diazepam administered and the frequency of barbiturate utilization strongly suggests that the guidelines altered clinical practice.
The significant reduction in the use of mechanical ventilation postguideline suggests a potential benefit to the incorporation of these guidelines. One important component of these guidelines is the use of escalating individual doses of benzodiazepines beyond currently recommended diazepam boluses of 10 -30 mg (6) . There are many reports of severe AWS and delirium tremens resistant to standard bolus doses of diazepam (9 -12, 20) . The mechanism for benzodiazepine resistance is multifactorial. In animals, chronic ethanol abuse is associated with both altered structure of ␥-aminobutyric acid type A (GABA A ) receptor subunits as well as overall down-regulation of GABA A receptor expression (21) (22) (23) . Consequently, rats suffering from chronic ethanol ingestion are highly resistant to GABA agonists such as benzodiazepines and may thus require higher doses to achieve the desired therapeutic effect (22) . This has likely important clinical ramifications. Not only does it explain the potential benefit of and necessity for high doses of benzodiazepines in some subjects, but it also explains the safety of high-dose benzodiazepine administration in our cohort postguideline. Finally, the results of this study do not allow for any conclusions to be drawn as to which benzodiazepine is best suited for treatment of AWS in this population. Our institutional preference is to use diazepam for treatment of AWS based on its favorable pharmacologic profile (rapid peak clinical effect, long high life, active metabolites [desmethyldiazepam]) that may allow for better autotitration. However, it is likely that a similar effect would be observed with equivalently large bolus doses of other benzodiazepines such as lorazepam (20 -30 mg) , which also have proven efficacy for treatment of alcohol withdrawal seizures (24, 25) .
The use of barbiturates as an adjunct is another important component to these guidelines. Our decision to use barbitu-rates as our primary adjunct was based on numerous factors. First, although antiadrenergic agents (␤-blockers and clonidine) have been used in combination with benzodiazepines for treatment of AWS in surgical patients, randomized placebocontrolled trials document that the greatest benefit to these agents is modulation of autonomic signs of AWS (heart rate and blood pressure), with only modest effects for these agents on treatment of delirium with some reports documenting an increase in delirium with ␤-blocker treatment (3, 26 -29) . In similar fashion, a randomized controlled study of the ␣ 2adrenergic agonist, lofexidine, documented an increase in delirium in subjects being treated for AWS with similar trends observed in postsurgical ICU subjects randomized to the combination of flunitrazepam/clonidine for treatment of AWS (3, 30, 31) . We chose not to incorporate haloperidol based on both the lack of placebo-controlled data documenting benefit and the ability of neuroleptics to lower the seizure threshold and induce seizure in humans and animals with AWS (19, 32) .
In contrast, many studies document the beneficial effects of barbiturates for the treatment of alcohol withdrawal and delirium tremens, with some studies even suggesting superiority of barbiturates to benzodiazepines (33, 34) . Although no animal studies effectively document a synergistic effect to coadministration of benzodiazepines and barbiturates for AWS in vivo, neurophysiologic data suggest that this could be extremely beneficial. Similar to benzodiazepines, barbiturates also stimulate inhibitory GABA A receptors in the brain. However, barbiturates appear to augment benzodiazepines' efficacy at the GABA A receptor (35) . In addition, barbiturates can also inhibit stimulatory glutamate receptors, which are up-regulated in alcohol withdrawal (36 -38) . The main drawback to the use of barbiturates is their narrow therapeutic window and potential to induce respiratory depression. However, in our cohort, this was not an issue postguideline as all but one patient was intubated for inability to achieve adequate sedation with bolus therapy. This is in part due to the fact that patients were given relatively low doses of phenobarbital (65-230 mg) compared with typical loading doses of 15 mg/kg. Another explanation is that benzodiazepines, with their greater safety profile, remained the mainstay of pharmacologic therapy, and barbiturates were only used when ex-tremely high doses of benzodiazepines were unable to control extreme agitation as a sole agent.
Clinically, use of higher individual bolus doses of diazepam in combination with barbiturates was associated with a two-fold reduction in the utilization of mechanical ventilation. In addition, postguideline, there was a significant correlation between ICU LOS and benzodiazepine administration, suggesting that in contrast to what was observed preguideline, subjects were administered amounts of sedative-hypnotics in accordance with the severity of their withdrawal. The reduction in the need for mechanical ventilation was associated with a trend toward a reduction in ICU LOS and nosocomial infections compared with the preguideline group. One reason these secondary end points failed to reach significance is in part based on the number of patients studied. For example, there would need to be approximately 100 subjects in each arm to detect a 50% reduction in nosocomial pneumonia and a 1-day reduction in ICU LOS based on data in the preguideline cohort. Another potential explanation is that avoidance of intubation does not alter the underlying duration of severe AWS or susceptibility to nosocomial infections. This is much less likely, as postguideline ICU LOS and incidence of nosocomial pneumonia were significantly higher in intubated compared with nonintubated individuals. This further emphasizes that institution of mechanical ventilation is the largest contributor to excessive ICU LOS and nosocomial pneumonia, and strategies aimed at preventing this will overall improve outcomes in this population.
Finally, 19 subjects received propofol for the treatment of AWS, two of whom were not intubated at the time. Numerous case reports and small case series document successful use of propofol for benzodiazepine-resistant AWS (11, 12) . Our study confirms these observations. The efficacy of propofol probably lies in its ability to activate GABA A chloride channels and inhibit N-methyl-D-aspartate-mediated neuroexcitation (39, 40) . Although select reports suggest an increase in seizure-like activity with propofol administration (41) , our data further validate the safety and efficacy of propofol in this population and reinforce its role in the treatment of AWS in subjects resistant to other sedative-hypnotics.
However, there are several limitations to our study. Most important is that this was not a randomized trial and treatment decisions, including the necessity for mechanical ventilation, were left up to the individual practitioner. Furthermore, the long period of data collection raises the possibility that other subtle systematic changes in ICU care could have significantly confounded the results. In addition, our admission criteria select for patients with isolated severe AWS and delirium tremens, and it is unclear if our results would be applicable in subjects with numerous other acute comorbid conditions. Another limitation is the lack of objective withdrawal categorization such as attained with use of the clinical institute withdrawal assessment for alcohol scale. CIWA scores have been used by numerous investigators for triggering bolus therapy for symptom-triggered therapy of alcohol withdrawal both in a detoxification setting and in the ICU in postsurgical/trauma patients (4, 5, 14) . Consequently, we cannot fully exclude that differences were not due to subtle differences in the severity of withdrawal in the pre-and postguideline cohorts. However, there were no differences in either Acute Physiology and Chronic Health Evaluation II score or biochemical or epidemiologic characteristics between the two groups. This includes liver function tests and admission ethanol level, both of which have been shown to be predictors of outcome in subjects with mild withdrawal (42, 43) . Furthermore, although use of CIWA for symptomtriggered therapy may have resulted in differences in total amounts of benzodiazepine required, the consistent use of other objective sedation scores to guide administration of sedative hypnotics makes it unlikely that differences in outcome were due to altered practitioner threshold for determination of the need, or effectiveness of, sedative hypnotics. Another potential limitation is the lack of a detailed set of guidelines for tapering the dose of benzodiazepines. Although it is possible that this could have been a significant confounder for ICU LOS, it is unlikely to have had a significant effect on the need for intubation, as the overwhelming majority (Ͼ90%) of intubations occurred in the first 24 hrs of therapy. Furthermore, the dramatic reduction in intubation rates, trends toward reduction in ICU LOS and nosocomial infections, and the relatively large number of patients and the lack of significant adverse events strongly suggest that this is a safe strategy to implement. It is extremely unlikely that these guidelines adversely affected patient care, and they are thus worthy of further study in a randomized controlled trial. Finally, it must be emphasized that the safety of these guidelines was in large part due to the monitoring available in the ICU, and consequently this strategy should not be used in nonmonitored settings.
CONCLUSIONS
This study documents the clinical outcomes of patients admitted to a medical ICU solely for the treatment of delirium tremens. Specifically, the need for mechanical ventilation is associated with both increased ICU LOS and nosocomial infection rate among patients with AWS. Implementation of guidelines that emphasize escalating individual bolus doses of diazepam with the addition of barbiturates if necessary resulted in a significant reduction in the need for mechanical ventilation and trends toward reductions in ICU LOS and development of nosocomial infections.
